Abstract: Interstellar synchrotron emission depends on Galactic magnetic fields and on cosmic-ray leptons. Observations of radio emission are an important tool for studying cosmic-ray propagation models and interstellar electron spectrum and distribution in the Galaxy. We present the latest developments in our modeling of Galactic synchrotron emission with the GALPROP code, including polarization, absorption, and free-free emission. Using surveys over a wide range of radio frequencies and polarization measurements, we derive constraints on the lowenergy interstellar cosmic-ray electron spectrum, magnetic fields and cosmic-ray propagation models. This work is of interest for studies of interstellar gamma-ray emission with Fermi-LAT, and synchrotron for the Planck mission.
Introduction
Cosmic rays (CRs) propagate in the Galaxy and generate diffuse radio emission, via synchrotron radiation in Galactic magnetic fields (B-fields). Interstellar synchrotron emission extends from a few MHz to tens of GHz and depends on the CR electron spectrum and distribution in the Galaxy, and on the B-fields. Observations of radio emission from our Galaxy are an important tool for studying CR leptons and the B-field. Combining these observations and direct measurements of local CRs, we can gain information on CR propagation models and CR electron spectrum in interstellar space.
At higher frequencies, in the microwave bands, free-free and dust emission tend to dominate, and the separation in the data of the different foreground components is problematic. We present here our modeling of both total and polarized synchrotron emission and we show the results. Our study has been performed in the context of CR propagation, considering other recent observations such as gamma rays and CR direct measurements. For a given B-field and propagation model we start with a CR source distribution and follow the propagation of all the particles, primary protons and other nuclei, electrons, positrons, taking into account secondary production, diffusion, and energy losses throughout the whole Galaxy. We then compare the CR fluxes with measurements at earth and the synchrotron emission models with radio and microwave data.
Interstellar radio emission modelling
GALPROP is a software package for modeling the propagation of CR in the Galaxy and their interactions in the interstellar medium (ISM). Descriptions of GALPROP can be found in [8] , [16] , [17] and references therein. See also Moskalenko et al. (these proceedings) for a recent summary. This project started in the late 1990's [7, 14] , and since then it has been continuously developed. It allows simultaneous predictions of observations of CRs, gamma rays [1, 12] and also synchrotron radiation [10, 11, 19] . See also the dedicated website 1 .
GALPROP developments
Recently we have improved the GALPROP calculation of interstellar synchrotron emission [19] , including 3D models of the B-fields [9] , and we have also extended it to include synchrotron polarization and free-free emission and absorption [10] . More details will be provided in [11] . Implementation of the synchrotron emission model in GALPROP was described in [19] , where spectra of unpolarized synchrotron emission were presented for a given B-field and for high latitudes. Different models of the B-field can be implemented; two examples with spiral structure are shown in Figure 1 . Given a spectrum of electrons or positrons computed at all points on the grid and a B-field, GALPROP integrates over particle energy to get the synchrotron emissivity. The emissivity as seen by an observer at the solar position is computed and output as a function of (R, z, ν) (for the 2D case) or (x, y, z, ν) (for the 3D case). The spectrum and distribution of the emissivity depends on the form of the regular and random components of the magnetic field, and the spectrum and distribution of CR leptons. All the results presented here were obtained for the 3D case 2 . An example of the emissivities for a given spiral regular and random B-field component is given in Figure 2 . To obtain the synchrotron intensity GALPROP integrates over the line-ofsight the calculated emissivity on the grid. For the polarized synchrotron emission we introduced calculation of the emissivities for Stokes parameters I, Q,U [11] . We integrate the emissivities over the line-of-sight to produce the corresponding synchrotron skymaps of I, Q,U; P is computed from the integrated Q and U: P = Q 2 +U 2 . The resulting synchrotron skymaps for a user-defined grid of frequencies are output in Galactic coordinates either as CAR projection or in HEALPix. Skymaps, longitude and latitude profiles, intensity and spectral index maps can be produced, and the models can be compared with radio surveys. 
Results

Interstellar electron spectrum
Below a few GeV the local interstellar electron spectrum cannot be directly measured, because CR electrons with energy lower than a few GeV are affected by solar modulation. The synchrotron spectral shape depends on the CR electron and positron spectra, while the synchrotron intensity depends on the B-field and electron, positron fluxes. In particular CR electrons from 500 MeV to 20 GeV produce synchrotron emission from tens of MHz to hundreds of GHz for a B-field of few µG, and hence this can be used in conjunction with direct measurements to construct the full interstellar electron spectrum from GeV to TeV.
Using a collection of radio surveys and WMAP 3-year data, out of the Galactic plane, we [19] found that the local interstellar electron spectrum turns over below a few GeV, with spectral index 3 above the break and around 2 below the break, and harder than 2 below the break. The need of a break in the local interstellar spectrum has been recently observed and confirmed by Voyager (see these proceedings). We tested propagation models, generated with GALPROP, in order to constrain the injected CR electron spectrum, before propagation. We found an injection electron spectral index harder than1.6 below 4 GeV (see Fig 3, upper plot) . CR secondary-to-primary ratios were not consistent with the observed synchrotron spectrum, since the total intensity from primary and secondary leptons exceeded the measured synchrotron emission at low frequencies, as shown in Fig 3  (lower plot) .
Modeling of synchrotron for various B-fields
Polarized synchrotron emission allows the regular component of the B-field to be studied, complementing the total synchrotron which probes the sum of random and ordered fields (regular plus anisotropic random). Models of the regular B-field from the literature were investigated, using CR propagation models based on CR and gammaray data. An example of our modelling of the radio emission is shown on Figure 4 . Here spectra of total (I) and polarized (P) emission from radio surveys and WMAP data are compared with our model in the inner Galaxy, showing reasonable agreement. We found [10, 11] that the regular field is 1.5-2 times larger than in the original models [20, 13] based on Faraday rotation measures of extragalactic sources; we attribute this to the existence of an anisotropic random component (also known as 'striated' or 'ordered random'), which contributes to polarized synchrotron but not to rotation measures [5, 2, 4] . We studied [10, 11] the sensitivity of the synchrotron model to different formula- Note that local features like Loop I are not included in the model, and these account for much of the additional structure seen in the data. The models reproduce the peak in the direction of the inner Galaxy for both total and polarized radio components. Figure 6 shows some samples of latitude and longitude profiles. 
